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ARSTRACT

A generic model of a physical-chemical |ife support system has
been devel oped by the Jet pPropulsion Laboratory for the Nationa
Aeronautics and Space Adm nistration (NASA) to quantitatively
conpare and select system and technology options for long-
duration manned nissions. The nodel consists of a nodul ar

hi erarchi cal break down of the Iife support systeminto
subsystens, and subsystens into subsystem functional elenents
representing individual processes. The sinulation nodel is
gﬁlled the Life Support Systens Analysis Sinulation Tool (Li SSA-

This paper describes the Generic Mdular Flow Schematic (GMFS)
model i ng technique. The GWS can be used to synthesize, nodel
anal yze, and quantitatively conpare many configurations from
sinmple, open-loop to conplex closed-loop |ife support systens.
The GWS is coded in AsSpeN Plus to conpute the material and
energy bal ances on a steady-state person-day basis. Selected
output is stored in a file for subsequent inportin? to a
spreadsheet program where inportant paraneters including weight,
power, and volunme of the life support system are conputed. The
spreadsheet programis called the Life Support Systens Analysis
Trade 7Tool (LiSSA-TT) .

Results of using the nissa-sT and the vissa-Tr Wil be presented
for conparing |ife support system and process technol ogy options
for a Lunar Base with a crew size of 4 and m ssion |lengths of 90
and 600 days. System configurations to mnimze the |ife support
system wei ght and power are expl ored.

| NTRODUCTI ON

The potential conplexity of future life support systens for
manned m ssi ons necessitates the devel opnent of the appropriate
systens analysis capability within nasaas a guide to technol ogy
and systens devel opment (Evanich et al, 1991) . The life support
system (LSS) nost appropriate for a given nmanned exploration of
outer space nust be chosen from candi dates ranging froma very




simple, non-regenerative LSS to a very conplex, integrated
biological and physical-chem cal closed |oop Lss. There are many
regenerative processes that are potential candidates to provide
daparticular function as part of the overall LSS. 70 synthesize
af 1,ss, all of the processes nust be integrated to perform
certain generic |ife support functions such as air
revitalization and water recovery.

A GMFSs architecture has been devel oped to enable synthesis,
analysis, and eventual selection of system and technol ogy
options for defined mssions. The architecture consists of a
nodul ar, top-down hierarchical break-down of the physical-
chem cal closed loop life support (P/C CLLS) system into
subsystens, and further break-down of subsystens into subsystem
functional elenents (sreEs) representing individual processing

t echnol ogi es. This approach allows for nodular substitution of

technol ogi es and subsystens and for the traceability of
paraneters through all the hierarchical levels which is useful

in conmparing systens or technologies rapidly and accurately. The
GMFS is the central feature utilized by the Life Support Systens
Anal ysis (nLissa) tool created by grpn as illustrated In rFigure 1.

A series of papers titled “Human Life Support During Inter-

pl anetary Travel and Dom cile” have been presented at recent

| nternational Conference on Environnental Systens (I CES)
neetings that describe the technique and results. It should be
noted that the acronym Li SSA was adopted in early 1992 and
therefore will not be found in earlier papers.

Part |, titled “System Approach”, was presented at the 1989 |ces
Conference (Seshan et al., 1989). It discussed the need to
resol ve issues stemming fromwdely differing system paraneter
estimates for the same system 1t was argued that a top-down
functional break-up of the system followed by a bottom up

al location of technologies and other resources would
considerably facilitate LSS nodeling. By making a carefully
orchestrated system approach to life support, the cost of

devel oping life support technol ogies could be objectively
managed.

Part 11 of the series, titled ‘Generic Mdular Flow Schenmatic
Model i ng”, was presented at the 1991 | CES conference (Ferrall et
al., 1991) . The Generic Mdular Flow Schematic (GMFS)
architecture was described to be capabl e of enconpassing al
functional elenments of a P/C CLLS system The owmrs concept was
found to be extrenely useful in synthesizing, nodeling,

anal yzing, and quantitatively conparing conplex closed loop and
partially closed | oop configurations. A baseline set of

t echnol ogi es being consi dered for Space Station Freedom was
chosen to perform system analysis for a Mars Expedition m ssion.




part 111 (Seshan et al. , 1991) presented a system trade study
for a Mars Expedition Mssion conparing open and closed loop
systems. A crew size of 3 was used with a total nission duration
of 440 days; this included a stay of 30 days at Mars where a

| ander vehicle woul d transport two astronauts to the surface
(Craig and Lovelace, 1989) . Hence, two separate |ife support
systems are needed: one for the orbiter (or transfer vehicle)

and one for the lander for this Mars mssion. Three systens were
modeled: a totally open |loop system a carbon dioxide renova
system and a closed |loop system The totally open |oop system
has no waste processing; hence, all material entering as feed
exit as trash. The carbon dioxide renoval system processes the
cabin air to renove carbon dioxide and requires supplies of
oxygen and water. The closed |oop system regenerates all of the
oxygen required and greater than 90% of the water required.
Total system wei ght conparisons showed the open | oop systens to
be non-conpetitive with respect to weight for either the I|ong
duration orbiter or short duration |ander vehicles. By analyzing
the closed | oop system for both the orbiter and |ander, it was
observed that for longer duration m ssions, storage doni nates
the weight of the system while for shorter durations, the proc-

essi ng equi pnent becomes nore significant.

Part IV wag#Presented at the 21st ICES conference (Rohatgi et
al.., 1991A4.. 1t described results of trading processing
technologies in a closed loop configuration for a Mars
Expedition M ssion. Technol ogies were traded and conpared to a
basel ine set for the follomﬁng functional elenments: Carbon

Di oxi de Renoval, Carbon Dioxide Reduction, Oxygen Generation

Pot abl e Water Recovery, Hygiene water Recovery, and Urine
Processing. Several of the technologies traded are considerably

| ess devel oped than their corresponding baseline technol ogy.
Hence, weight or power advantages of a |ess-devel oped technol ogy
over a nore-devel oped technol ogy nust be seen only as a

potential advantage. LSS weight saving potentials for the |ong
duration Mars mssion could be realized fromthe nmultifiltration
(MF) water recovery technology and certain conbinations of
advanced carbon reactor system (ACRS) , carbon dioxide _

el ectrol ysi s/ Boudouard (CO,EL/BD), water vapor electrolysis
(WVE) , two-bed nol ecul ar sieve(2BMS), and air polarized
concentrator (APC) technol ogi es for oxygen regeneration. LSS
Bomer saving potentials for the long duration Mars m ssion could
e realized by the APC, 2BMS, and cO,EL/BD technol ogies for
oxygen regeneration. For water recovery, a small advantage could
be realized by the use of MF and WE technol ogi es. For short
duration m ssions, the non-regenerative LiOH was found to be
nore advant ageous conpared to oxygen regeneration technol ogi es.

Part V, presented at the 1993 | CES conference (Ferrall et al.,

1993), described potential benefits of including solids waste
treatnent in a LSS for the Mars m ssion. SW technol ogi es
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conpared were freeze drying, thermal drying, incineration, wet
oxi dation, and super-critical water oxidation. The use of solid
waste treatnment was found to inpose weight and power penalties
to the P/C LSS that is traded for the potential benefit of
reduci ng the mass of hazardous liquid and solid wastes.

Anot her paper presented at the 21st ICES conference described
hardware scaleup procedures used in the LiSSA trade t ool
(Rohatgi et al., 1991)

This paper will present the foll ow ng:
1. Li SSA approach and cal cul ati on schene
2. Description of the GMFS architecture

ASPEN coding of the aMrs nodul es

3
4. Met abol i ¢ and Hygi ene Load Basis
b. Physi cal / Chemi cal Life Support Technol ogi es

6. Life Support system Technol ogy Trade Results
1. System Configurations to Mnimze power

8. System Configurations to Mnimze weight

9. Concl usions .

Lissa APPROACH AND CALCULATI ON SCHEME

. . +he o S
A schematic of the risgx'nethodology is given in Figure 1. To
initiate the analysis, {System Matrix, Technology Mtrix, System
Speci fications, and M'ssion Specifications are tirst chosen.

The system matrix includes the types of |ife-support systens
that are of interest. It could include non-waste-processing open

| oop systens, systens that process cabin air for carbon dioxide
renoval only, and closed |oop systens with varying degrees of
closure of the oxygen and water loops. ‘Cdosing the |oops for
oxygen and water is acconplished by processes which regenerate
pure oxygen and clean water from waste streans generated by the
crew. The anpbunts of oxygen and water regenerated depend on the
efficiency of the regeneration processes selected for the

system

The technology matrix includes the processing technol ogi es that
woul d be utilized to regenerate oxygen and water. Fromthis
matrix, a baseline set of technologies can be chosen for
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C;’]/fi guring the various systems IN the system matrix. Currently,
t euéncl udes technol ogi es under consideration for Space Station
rfaedom (ssF) and some additional advanced technol ogies,

System specifications include netabolic and hygiene inputs and
outputs pertaining to the crew. These specifications are
required as input paraneters to the GMrs nodule integration and
computer Simulation. Mssion specifications are required as
paranetric inputs to the Lissa Trade Tool

ror all the technol ogy candi dates considered, perfornmance data

nmust be acquired and utilized to nodel technol ogies as nodul es

using the ASPEN Plus chem cal. process simulation package. Once

all the ASPEN plus nodules are witten, they are stored in an

insert library. The npbdules are integrated into the GWS

architecture by calling them from the library using insert

statements in the ASPEN input file. The conplete input-code

package represents the LiSSA Simulation Tool to produce output “Q
ne

L IR EAY

as an Anerican Standard Code for lirformation lnterchatye (ASTLL)

file (wth the *.PRN extension) that is used as input to the Jo

Li SSA Trade Tool . —_— 714
MQ‘)\ (v
[

The link between the Lisa_si Tool and the LiSSA Trade ¢ *
Tool is acconplished by Lotus 1-2-3/ macro which processes and _\w‘ oV
| oads the ascrr file from\tpe simul#fion output into the Trade LV ue
Tool . '
bivu *LI

The Trade Tool uses sinulation output, mssion specifications, | R
and JPL-devel oped scaleup formulas for weight, power, and o\ o
vol ure.

The entire spreadsheet represents the systens anal ysis output o-\\ \o 4
poEY ,:3

we

wth a variety of tables and graphs.

GMrs ARCHI TECTURE

The GWS architecture can be described in terns of the follow ng
hi erarchi cal |evels:

Level O This |level describes the overall P/C CLLS and its
interfaces wth the spacecraft (s/c) or planetary base; a
description of Level O would include weight and volume of the
entire systemand heat and nmaterial flows between the system and
the spacecraft/base. A Level OcGMrs is illustrated in Figure 2-
A, The S/ C provides supplies and utilities including heating
demand, cooling denmand, and power. Trash is defined as any
material output fromany SFE that will not be processed for
recovery of needed materials; e.g. , plastic bags. Trash can
either be directly stored for the mssion duration or disposed
overboard. Waste Is defined as any material output fromany SFE
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that can be processed to recover a necessary life support
material . For exanple, condensate from cabin air is a waste

stream which could be cleaned up to recover potable water.

Level |: This level breaks the P/C cLLS down into subsystens
such as storage, tenperature and humdity control, air revital-
ization, etc. ; a description of Level | would include weights
and volunes of each subsystem and correspondi ng heat and
material flows to and from each subsystem Level | is
illustrated by Figure 2-B. all1 of the material streans are shown
as generically comng fromeither a fresh, waste, or trash
stream “bus”. This is shown as a sinple representation of a

| arge nunber of streans that the GMFS architecture requires. A
nore detailed GMFs has been docunented (Ferrall et al. ,1989)

whi ch breaks down the fresh, waste, and trash streanms further.
Subsystems shown include Storage, Human Habitat, Tenperature and
Hum dity Control, A r Revitalization, Wter Mnagenent, Solid
Waste Treatnent, Master Conputer Control and Major Monitoring
Instrunmentation, and Trash D sposal..

Level 11: This level breaks the subsystens down into SFES; each
functional elenent is generic, such that regardless of subsystem
or technology choice, the identity of the functional elenent is
mai ntai ned. A description of Level Il would include weights and
vol umes of each subsystem functional elenment, plus corresponding
heat and material flows to and from each subsystem functional
element. Level Il is illustrated in Figure 2-C. No streans are
shown here so as not to burden the reader with too nuch detail.
However, the subsystens are shown with their constituent SFES as

a 2-digit alpha-numerio. Ihe subsystens and their respective SFE
descriptions are giver/min Tables 1-A through |-H.

Level 111: This level expresses the subsystem functional elenent
in terms of actual hardware equipnent (or conponents) . This

| evel is considered non-generic since. unctional el enment could
be inplemented in different ways byi‘c[\.?ﬁmn&"‘ pi eces of

hardware. A description of Level 111 would include an equi pnment
list with corresponding weights, volumes, and heat and material
flows to and from each listed equipnment item Mdeling of Level
IIT can be done either to simulate each major piece of equipnent
or to sinulate the functional performance of the SFE. A Level
111 GWS is illustrated in Figure 2-D, which shows a schematic
of SFE #46. The details are specific to the reverse osnosis (RO)
[ multifiltration (MF) technol ogies. This SFE performs the
function of renoving dissolved solids by RO and other inpurities
to produce a hygiene quality water. [In addition to the RO

t echnol ogy which perforns the primary sre function of renoving
di ssol ved solids, other technol ogt_i es that support this function
are represented in the diagram They include a particulate
filter/heater which kills and filters bacteria, an
ultra-filtration nodule to renpve solids that would plug the RO
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menbrane, and MF unibeds to renove other contam nants by
sorption and ion exchange which are not renoved by RO

The input and output streans to the SFE for material, thermal,
and power can and do interface with other SFEs within the LSS
via a flow ‘bus”. This feature is illustrated in Figure 2-p for
the cleanup, production and distribution of hygiene water. As
stream $46E1 is an output of SFE #46 which joins the stream
“bus" to be conbined with other hygiene water streans from SFES
41, 44, 45, 46, and 47 of the Water Managenent Subsystem as
illustrated in Figure 3-A The output of the total subsystemis
stream SRAE. Hygi ene water return streans from different
subsystens are |ikewise conbined in the bus as given in Figure
3-B, (streans SRAE and sSrR2E are conbined to form the total
system hygi ene water flc' as stream SRE) . This stream now
constitutes the entire regenerated return flow to hygi ene water
storage. A supply bus, also illustrated in Figure 3-B, shows the
distribution of the system hygiene water flow (stream SSE) to

the Human Habitat and Air Revitalization Subsystens as streans
SI SE and S3SE, respectively. The GWS architecture as shown here

is designed to be nmodular. An SFE block is structured with a

preset nunber of identified material and energy streams entering
or leaving the block. For example, SFE #46, as shown above, con-
tains preset, well-defined connections, or nodes. Not all of the

connections need to be utilized for a given SFE technol ogy or
har dware package. A different process could perform the same

function with a different subset of the potential connections
provided for in the generic nodule. This nodular design
facilitates the task of rapidly reconfiguring an LSS with
substitute technologies by plugging/unplugging different Level
111 SFE nodules. This nodul ar design extends upwards to Level T
bl ocks, or subsystens, which also cone with preset connections
as shown in Figure 3-A for the water nmanagenent subsystem

ASPEN CODI NG OF THE GMFs MODULES

once the aws architecture has been set, nodeling of individual
SFEs can be initiated. Since the GWS is nodular in design, an
exi sting SFE nodel could be substituted by a different nodel as
| ong as the unused but predefined material stream power, and
heat flow interfaces are given a nonzero value. Referring to
Figure 2-D, SFE 46 could be substituted by another technol ogy
that would perform the sanme function of Hygiene Water Processing
as long as the inputs and outputs, or “hooks’ to the SFE, are
accounted for. If there is no actual flow associated with a
hook , an insignificantly small quantity is assigned to it. Each
modeled sre is called a "flowsheet® within ASPEN. ASPEN handl es
each SFE fl owsheet separatel and cal cul ates overall heat and
material bal ances for each Tyl owsheet .




An exanple of an ASPEN flowsheet IS shown in Figure 4, which
sinul ates cO, Reduction(SFE #34) . The associated schematic shows
a Level Il representation of the GWS with hooks for the SFE
illustrated as inputs and outputs. In addition, asPeN bl ocks and
streans are shown. The nodel shows the feed stream s340Q1,
mxing with a recycle stream then being subsequently
compressed, mMxed with a hydrogen feed stream S3401 , heated,
reacted, and the resulting solid carbon separated as stream
s34007. The consunption of chemcals, which for the Bosch
technology is a canister, is represented by Stream s3411.
Cooling demand is represented by heat renoved as c¢p(3,4) , and
power is represented by PWR(3,4), which includes power for a
conpressor, a gas/liquid separator, and the reactor. Heat |oss
is picked up by the circulating air, S34KlI. Solid carbon is
separated and conbined with the canister to becone s34v1.

The nodul ar nature of the cmrs allows for nodeling Level 111
technologies to different levels of detail. In sonme nodels,
FORTRAN | nput bl ocks are used to cal cul ate paraneters such as
power and heat |oss as functions of another paraneter, such as
co, feed rate. In this way, the process nodeling can be
sinplified for each SFE to mnim ze the conputational |[oad while
mai ntaining the level of detail necessary for systens analysis.

After several SFES are nodel ed, the subsystem is integrated by
conbining simlar SFE connections to generate subsystem
connections. The order of SFE calculations within the nodel is
handl ed explicitly by defining a sequence for each SFE and then
giving a sequence of these sequence bl ocks. For exanple,
calculations for the Air Revitalization Subsystem can be speci-
fied to proceed according to the ollowing sequence:

(SEQUENCE seEQ31) ( SEQUENCE sEQ@33
(SEQUENCE seQ34)  ( SEQUENCE SEQ35
(SEQUENCE SEQ37) ( SEQUENCE seQ38

Once all the subsystens have been nodeled, the overall sequence
Is given including convergence specifications and custom FORTRAN
blocks . For the GMFS, a FORTRAN bl ock at the very start of the
program is used to input various paranmeters, such as netabolic
quantities, percent of regeneration desired, and co, parti al
pressure in the circulating air, etc. To extract pertinent
output for further systenms analysis in a spreadsheet, an ASCl |
file is created by a FORTRAN bl ock. Data extracted into this
file includes values that characterize the SFE, including ‘hook”
val ues and ot her paraneters necessary to cal cul ate the wei ght
and vol une of each individual SFE. Power, heating, and cooling
demands for each SFE are cal culated within ASPEN and al so
printed in this file. Sumred stream values for each subsystem
and total P/C CLLS system val ues can al so be incl uded.



METABOLI C AND HYQ ENE LQOAD BASTIS

A netabolic nmass bal ance has been established and is presented
in Table 2. This balance is the result of conbining several
literature sources into a consistent elenental balance that is
sufficiently detailed to perform systens analysis using the
1L1SSA-ST Wi th ASPEN Pl us.

Space Station Freedom (Marshall Space Flight Center, 1991) has
establ i shed nominal mass values for the foll ow ng:

METABCLI C METABCLI C
INPUTS QUTPUTS
Dry food Ce)*
Water in food Urine H,0
Drinki ng water Uine Solids
Consuned oxygen Feces H,0

Feces solids

Respiration &
Perspiration H,0

Sweat solids

In addition, there is also a nom nal value specified for the
nmet abolic heat release rate.

However, the elenental conpositions of the waste solids are not
stipulated. 1If chemical processing and transformation (e.g.,

oxi dation of feces and urine wastes) are to be perforned, this
informati on nmust be known. Investigators at NASA' s Anes Research
Cent er (wydeven and Golub, 1990 and Golub and Wdeven, 1992)
have col |l ected chem cal conpositions of various human waste
streans including trace conpounds. However, the data collected
is not correlated to the conposition of food ingested by the
human crew. others(volk and Rummel, 1986) have 1|l ustrated nass
bal ances between netabolic inputs and outputs by establishing
representative chemcal fornulas for food and waste streans as

foll ows:
Food protein CHON
Food carbohydrate C¢H,,04
Food f at C,¢H3,0,
Urine solids C,H(O,N,
Feces solids Ce;Hes015Ng
Wash solids (no soap) C,3H,,0,3N,

These “canonical’ fornmulas were devel oped to account for
the major elenents, C, H N, and O found in human beings
and plants. The el enental conpositions were necessary to
estimate oxygen requirenents in a waste processor that
woul d oxi di ze human and pl ant wastes. These food and waste
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chem cal formulas have been used as indicated in Table 2.

In addition to the elenents ¢,H,N, and O, other elenents
such as P, S, ca, My, and K could be found in human wastes.
These elenents are all treated as ash consuned with food
and rejected as ash wastes. The relative ash distribution
was based on elenental conpositions of freeze-dried urine
and feces (wWydeven and Golub, 1990)

Trace conpounds, such as al cohols, ammonia, and nethane
generated by the human netabolic function, could
significantly affect the sizing of trace contam nant
control units and other processes interacting wth them
These conpounds would al so i npose consunabl e denmands
associated with processes for their renoval. LisSsAa uses
estimates for the anticipated |evels of release of these
compounds into the human habitat w thout any explicit
correlation with the conposition of ingested food.

Hygi ene water use and waste |oad estimtes (Wydeven and
Golub, 1990) on a 1 person-day basis are presented in Table

PHYSI CAL/ CHEM CAL LI FE SUPPORT TECHNOLOG ES

Technol ogies are grouped as subsystem functional elenents (SFEs)
within subsystens. The SFE functions traded in this study include
CO, renoval, CO, reduction, and O, generation for the Ar
Revitalization (AR) subsystem potable water (PW processing,

hygi ene water (HW) processing, and urine processing for the Wter
Managerment (WM) subsystem and drying and oxidation for the Solid
Waste Treatnment (SWT) subsystem Data sources for technol ogies
are given in Tables 4A, 4B, and 4C. A “validity level*®, as
described in Table 5, is attributed to each technology based on
JPL judgement. This validity level can be viewed as a relative
uncertainty of the data for each technology. .Correlations used to
calcul ate the wet weight, dry weight, power, and volume of each
technology is included in the Lissa-TT spreadsheet. Descriptions
and schematics of each technology included in this report can be
found in the |ife support literature.

LIFE SUPPORT SYSTEM TECHNOLOGY TRADE RESULTS

In order to perform technology trades, a baseline systemto trade
agai nst was chosen. Baseline technologies are not *baselined®
identically in any known |ife support system design nor do they
represent an optimal system configuration. They have been
arbitrarily chosen as representatives of the technol ogy functions
constituting a physical-chemcal |ife support system Figure 5
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shows the baseline system

The technology trades were perforned by substituting for a _
basel i ne technology one at a time. Twenty two cases were run with

Li SSA-ST in ASPEN with the technology choices as identified in

the case Matrix (Table 6) . After running the 22 cases, results

were inmported into the rLissa-1T spreadsheet program System

paraneters chosen for the simulations are listed in Table 7.

These paraneters aiﬁ def i ned ;or a Lgnar Bgse with a crew size of
and-@wq\gifsion urations of 90 and 600 days.

The EBSSs paraneter provides for regenerable supplies other than
air to neet the demand for consumabl es during emergencies caused
by failure of, or wunanticipated downtine for process hardware.
EBSS is specified in days and nust be selected to provide an
adequate period for recovery from the energency and restoration
of regenerative operations. This paraneter is also included in
sizing storage tanks for additional supplies and accunul ation of
unprocessed wastes during the energency periods.

EBSSA IS a paranmeter simlar to EBSS but for air alone and is
specified in hours instead of days and primarily pertains to
energenci es caused by failure of the carbon dioxide renpbva
function. This paraneter is ignored when the LiOH carbon dioxide
renoval option is enabled for such energencies.

ESF, the exhaust storage factor, provides for reuse of supply
storage tanks to store wastes and trash. Table 8 illustrates the
role of ESF. A zero value for ESF is inpractical since wastes
have to be stored in the sane supply storage tank containing
fresh supply.

when the EsF paranmeter is set to 100, then twice the capacity for
storage is provided at the start of the mission: one containing
fresh supplies and the other enpty at the start of the mssion

At the end of the mssion the supply storage tank is expected to
be enpty and the identical waste storage tank filled with wastes.
when ESF i s set to 50, then the supply storage capacity is split
between two identical tanks at the start of the mssion and a
third tank of the sanme size provided to store wastes . Wen the
third storage tank is filled up with wastes, one of the two
supply storage tanks is expected to be enpty to accommodate the
rest of the wastes. At the end of the mssion, there would be two
storage tanks filled wth wastes and one nearly enpty storage
tank available for any additional waste storage. Smaller values
of ESF inpose greater nunber of snaller storage tanks.

The results of the technology substitutions in terns of system
wet weights for the 22 cases are presented for the Lunar Base

m ssion durations of 90 days and 600 days in Figures 6A and 6B.
The inpact of technology substitutions on subsystem wet weights
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are shown in Figures 7-A and 7-B. Simlar conparisons in terms Of
overal |l system power demand and subsystem power demand are shown
in Figures 8-A and 8-B respectively.

Overal |l system weights vary between 3,900 kg and 4,500 kg for the
90 day mssion and from 13,800 kg to 18,700 kg for the 600 day

m ssion as seen in Figures 6-A and 6-B respectively. Note that,
for both mssion durations, the cases maintain their relative
positions with a few exceptions. For exanple, in both the 9(1 day
m ssion and 600 day m ssions, Case 10 pertaining to the use of
Water Vapor Electrolysis technology for o, generation, shows the
m ni rum wei ght; however, Case 22 (supercritical water oxidation
for solids waste treatnment) has the maxi num weight for the 90 day
m ssion but Case 6 (non-regenerative LiOH for co, renoval) ,
pertaining to nonregeneration of oxygen, is the heaviest for the
600 day mssion. In general, nonregenerative system subsystem
configurations would inpose increasing weight penalties wth
increasing mssion duration. On the other hand, Case 7 which
provides for the regeneration of oxygen using Sabatier technol ogy
to recover 0O, in the form of condensate from co,, turns out to be
the second heaviest system as the mission duration is increased
to 600 days. This is due to the need to trash hydrogen in the
form of nethane and the consequent need to store water to provide
for the additional H, makeup required( via H20 electrolysis) . As
m ssion duration is increased, the weight of consumable supplies
to be stored at the start of the mssion increasingly dom nates
over process equipnment weight and eventually, for extrenely long
durations, the demand for consunable supplies donminates the total

system wei ght.

The dom nance of nonregenerable supplies is readily seen by a
conparison of various subsystem weights constituting the total
system wei ght as shown in Figures 7-A and 7-B. In these figures,
storage subsystem weights include the weights of consummables and
their containers. By keeping the crew size the sane for both the
90 and 600 day mssions, the differences between the two figures
are entirely due to differences in the demand for consunable
supplies. The weight of process equipnent, being a function of
crew size only, is the sane for the two figures.

Since process equipnent is identical with respect to m ssion
duration, the power demand summaries shown in Figures 8-A and 8-B
are identical tor either 90 day or 600 day m ssions. The system
power use ranges froma |low of 3,700 watts for Case 6 to a high
of 7,000 watts for Case 18. Cases 18 through 22 are significantly
hi gher than other cases primarily due to the additional power
required for solid waste treatnment technologies. From Figure 8-B,
it is clear that for all cases, the air revitalization (AR)
subsystemis the | argest consuner of power. The water nmanagenent
(WM) subsystemis roughly 1/4 to 1/2 that of the AR subsystem
the solids waste treatnment (Swr) subsystemis |ess than the wM
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subsystem with the exception of Case 18.

SYSTEM CONFIGURATIONS 70 M NI M ZE POWER

The Li SSA tool can be used to search for optinmm process

conbinations to mnimze power using regenerative |ife support
technol ogi es. For this analysis, 6 configurations were

constructed with the technology choices as listed in Table 9.

case 4 was chosen from the original 22 cases as a baseline to
conpare different configurations. Case 4, which is called MpBL,
is conpared with the other configurations in Figures 9-A for
overall system power and Figure 9-B for overall system weight.
Case 4 regenerates all of its oxygen but not all of its water
requi renents .

Case MP1 is a conbination of sone of the technol ogies that have

| ow power requirenents fromthe technol ogy trades perforned

above. Case 4 does not regenerate all of its water requirenents;
for the MPL configuration, excess water is produced. It should be
noted that when using the cO2eL/BD process, nost of the netabolic
oxygen required is regenerated directly w thout oxygen generation
through electrolysis of water. To nmeet the deficit in required
oxygen, the wve process is utilized.

Case MPIA is identical to MP1 with regard to technol ogy choices.
However, the potable water processing unit is configured to
accept only enough feed to produce the required potable water
product. |If processing 100% of the feed results in an over-
production of potable water, then a portion of the feed is
bypassed and routed to a waste stream bus.

Case MPIB is also identical to MP1L and MPIA with regards to

t echnol ogy choices. However, if there is an excess of hygiene
wat er produced over the requirenent, then the urine processing
unit is configured to accept only enough feed such that the
excess is elimnated. Hence, this case sets urP a system to
produce only the exact requirenents of both potable and hygi ene
wat er .

Case MP2B is identical to MpiB with the exception of the use of
Sabatier for €O, reduction. In this simulation, theamount of CO,
fed to the unit is based on the available H, produced from the O,
generation process. This results in sone of the CO, bypassing the
CO, reduction process and thereby being routed to either venting
or trash storage.

Case w3Bis a case where O, is not regenerated while naintaining
H,0 regeneration. Hence, the only requirenent for air
revitalization is to renove the co, which is done by the
regenerative APC co, renoval process.

13




Figure 9-A shows how the overall system power is reduced relative
to Case 4 which requires 4,617 watts. An 800 watt saving from
MPBL to MP1 is realized by conbining the best perfornmers wth
respect to power. By mnimzing the anmount of potable water
processing to only that required, 30 additional watts are saved
based on the conparison of Cases MP1 and MP1A; 20 nore watts are
saved by mnimzing the amount of urine being processed by TIMES.
By switching to Sabatier, where only the co, is reduced wth the
avail able H,, 260 watts can be saved as seen from conparing Case
MP2B to Mp1B. Case MP3B, which does not regenerate O,, shows an
additional 830 watt advantage over Case MP2B.

Figure 9-B shows the effect on overall system weight as the power
is reduced; Case 4 has a wet weight of 14,161 kg, |n conparing
Case 4 with MP1, it is seen that regenerating all of the water
conmes at the expense of additional chem cal supplies. By reducing
t he amount of processing, there are slight reductions in chem cal
and system weights as shown by Cases MPIA and Mp1B. By choosing
the Sabatier process where only part of the CO, is reduced, the
system weight is reduced by 750 kg; nost of this weight reduction
is due to the decreased weight of chemcal supplies as non-
regenerable cartridges. These cartridges are required for carbon
deposition in the CO2EL/BD process that is not required for the
Sabatier process. The w3B case, which does not regenerate 0,
has a weight penalty of over 7,700 kg relative to Case 4 but a

1,960 watts advantage.

SYSTEM CONFI GURATION To M NI M ZE VEI GHT

Simlar to the mnimzing power search, the process configuration
to mnimze overall system weight can also be sought. For this
anal ysis, 5 configurations were constructed with the technol ogy
choices as listed in Table 10.

Case 10 was chosen fromthe original 22 cases as a baseline to
conpare different configurations. Case 10, which is called mwsL,
is conpared with the other configurations in Figures 10-A for
overal | system weight and Figure 10-B for overall system power.
Case 10 regenerates all of its oxygen but not all of its water
requirenents . The overall system weight is 13,779 kg and system

power, 5,083 watts.

Case MW A conbi nes sone of the technologies that individually
traded well in the above technology trades with regard to overall
system wei ght. In addition, excess waste water feed (relative to
potable water requirenents) was routed to hygiene processing.

Al so, excess urine feed (relative to hygiene water requirenents)
was discarded. This configuration conpletely regenerates oxygen
but does not conpletely regenerate all the water requirenents as
water is lost in the RO brine.

14




case MW1B is identical to MW1IA with the exception that RO brine
from hygi ene processing is routed to :rine processing. Also,
excess urine feed (relative to hygiene water requirenents) was
di scarded. This configuration conpletely regenerates all oxygen
and water requirements with sonme excess water avail able.

Case MW1D is identical to MWlB in configuration; the difference
is in water contained in the stored food. The previous cases have
used food as indicated above which is derived from the food
proposed for Space Station. Case MAD (and Mw2Dp) have reduced the
amount of water in the food froma water/dry food ratio of 1.83
to 0.65. This ratio is simlar to that currently being used for
the Space Shuttle. This configuration conpletely regenerates all
oxygen and water requirenents.

Case MRD is simlar to Cases MwlB and MwlD with the exception of
using Sabatier in place of CO2EL/BD for CO, reduction; the
water/dry food ratio is set at 0.65. This configuration
conpletely regenerates all oxygen and water requirenments wth
sone excess water avail able.

Figure 10-A shows the relative weight advantages for the
different configurations. Three significant advantages can be
seen due to the following: 1) Judicious routing/rerouting excess
feeds and brines in the WM subsystem this results in a reduction
of about 690 kg; 2) Changing the water in the stored food: this
results in a reduction of about 2,100 kg; and 3) Substituting
Sabatier for C02eL/Bp for cO, reduction: this results in a
reduction of about 600 kg. It should be noted that these steps
result in weight savings when the system can regenerate all the
oxygen and water requirements. |f a system configuration does not
regenerate all the oxygen and water, this mght not apply.

Figure 10-B shows the power advantages even though the
configurations were set to mnimze the overall system wet
weight . As shown, Cases MWlAa, MwlB, and MAD show a 900 watt
advant age from Case 10. Using sabatier (MW2D) reduces the power
demand by an additional 250 watts.

‘|$ Ls’ '\\ k‘ VQJ\ k‘
CONCLUSI ONs 1 ( PARVPRTY. e ey renk 7

The GWFS aychitecture described in this paper can enconpass all
functions lements of a P/ C CLLS system The GVWFS concept
enabl es ax Lss anal yst to synthesize, nodel, analyze, and

quantitatively conpare conpl ex closed-1oop and partially
cl osed-1oop configurations. The nethodol ogy established in the

Li SSA tool can be extrenely useful to conpare technol ogi es and
system configurations for mnimzing LSS power and wei ght for
various manned mi ssions.
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NOTATI ON

2 BMS Two bed nol ecul ar s eve
4 zus Four bed nolecular sieve
ACRS Advanced carbon reactor system
AIRE Arr evapor ator
APC Alr polarized concentrator
AR Alr revitalization
ascy | American standard code for information interchange
AS PEN Plus A state-of-the-art chemical process sinulation software program from aspenTech |nc.
KL Baseline
CLLS Closed | oop life support
COMB Cambu st 1l on
COZEL /BD 0, electrolysis/Boudoua rd reactor
CPGM Concentrated polluted gas mix
EBSS Ener gency backup supply storage
EB SSA Fmergency backup supply storage for air
EDC El ectrochemni cal depol arized concentrator
ELDI El ect rocheni cal del oni zati on
ESF Exhaust storage factor
Fo Freeze drying
GMF'S Generic modul ar flow schematic
GTVO Gaseous trash venting option
FEW Hygi ene water; used for external body, dish, clothes, etc. washing
ICE'S International Conference on Environmental Systems
JSC Johnson Space Center
JPL Jet Propul sion Laboratory
Li OH Li t hi um hydr oxi de
1.1 SSA Life support systems anal ysis
L1SSA-ST Li fe support systens anal ysis-sinulation tool
Li SSA-TT Li fe support systens anal ysis-trade tool
LTVO Liquid trash venting option
MDSSC McDonnel | Dougl as Space systemsCompany
MF Multifiltration
MP M ni mum  power
MPBL M ni mum power basel i ne
VB FC Marshal I Space rFlight Center
MW M ni mum weight
MWRI, M ni mum weight baseline
8? one-way dur ati on
C Physi cal cheni cal
pPC Per sonal conputer
PC/L. ss Physi cal /chenmical life support system
Pw Pot abl e water: ingested by humane
RLS Regenerative |life support
RO Reverse osmosis
RTOP Research and technol ogy objectives and plans
SAE Soci ety of Autonptive Engineers
SAWD Solid amine water resorption
sic Spacecr af t
Scwo Supercritical water oxidation
SFE Subsystem functional el enent
s F-WE static feed water electrolysis
SPELF Solid polymer electrolyte
Ss Subsystem
SSF Space Station Freedom
s TDO Solids trash dunping option
SWT Solid waste Treatnent
™ Thermal drying
TCS Total crew size
TCC Trace contanm nant control
T & HC Tenperature and humdity control
TIMES Thernoel ectric integrated menbrane evaporation system
VCD Vapor conpression distillation
VPCAR Vapor phase catalytic ammonia renoval
WM Wat er managenent
Wox Wet  oxi dation
WP water processing
WR Water recovery
WVE Water vapor electrolysis
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Tabl e 1A Storage Operations Subsystem SFES

Fresh air

Oxygen

Ni t rogen

Pot abl e wat er

Hygi ene wat er

Food

O her ingestible: nedicines, pills, etc.
Use/trash supplies: papers, bags, and other
supplies that the crew physically can separate and
di spose into trash disposal or trash storage
cont ai ners

Chenical supplies: chemcals or chem cal
processing nmaterials that are used in LSS
processi ng of wastes

Qther supplies: materials used that are eventually
treated in LSS processing units

Crculating air

Non- pol | uted gaseous m xture

Concentrated polluted gas mxture

Gaseous trash

Hydr ogen

Met hane

Carbon di oxi de

Wash wat er

Uine flush

Concentrated aqueous polluted mxture

Liquid trash

Concentrated non-aqueous liquid polluted mxture
Condensat e

Solid waste

Solid trash

Tabl e 1B Human Habitat Subsystem SFES

e
Met abolic Operations

Kit then

Dishwash

Toilet

Wash and Shower

Laundry

Mani cure and Personal Hygi ene
Habi tat C eani ng

Habi tat Lighting
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Table 1C Tenperature and Humdity Control Subsystem SFEs

SFE4 Description

21 Alr Heating

22 Air Cooling and Hum dity Condensation
23 Dehum di ficati on (sorbent/dessicant)
24 Hum di fication

25 Water Heating

26 Wat er Cooling

27 Air Crculation and Ventilation

Table 1b Ar Revitalization Subsystem SFES

Sru# Description

31 Dust Separation

32 Vapor and Pollutant Separation

33 CO, Renoval

34 Cc0O, Reduction

35 Trace Pollutant Sorption/ Oxidation
36 Trace Pollutant Scrubbing

37 Oxygen Ceneration

38 0,-N, Makeup

Table 1E Water Managenent Subsystem SFES

SFE N
41 Water Ceneration (fuel cell, etc.)
42 Non- Aqueous Phase Separation
43 Suspended Solids Filtration
44 Pot abl e Water processing
45 Trace Organics Oxidation
46 Hygi ene Water processing
47 Urine Processing
Tabl e 1F Solids Treatnment Subsystem SFES
51 Fuel (production or processing)
52 G i ndi ng
53 Dryi ng
54 Pyrol ysis
55 Oxi dati on
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62
63
64

71
72
73

Table 1¢  Master Conputer Control and Major Monitoring
| nstrunentation (MC & MM) SFES

Descrip ion

Master Control Conputer

Gaseous Trace Contam nant NMonitor

Water Trace Contam nant Mbnitor

Bi ol ogi cal / M cro-organi sns  (u0) Contam nant
Monitor

Tabl e 11 Trash Disposal Subsystem SFES

e o
Gas Conpression and Stabilization

Liquid Sterilization and Stabilization
Solids Conpaction and Stabilization
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Table 2 Metabolic Mass Bal ance (+g/person-day)

INPUTS CARBON HYDROGEN | OXYGEM NITROGEM |ASH TOTALS
1. DRY P OOD
Protein, C/HON 0.07-70 0.0081__ 0. 0257 0. 0225 0. 1332
Carbohydrate, I,H,,0, 0.1489 0. 0250 0.1984 0.3723
Fat, C,H,,0, 0. 0858 0.0144 0.0143 0, 1145
Mnerals, Ash 0. 0095 0. 0095
2. LIQUIDS (WATER)
brink 0.1802 1. 4298 1. 6100
Food Preparation 0, 0884 0.7016 0. 7900
Food Water Content 0. 1287 1.0213 1. 1500
3. GASES
Oxygen 0. 8359 0. 8359
INPUT SUMS 0.3118 0. 4448 4.2270 0. 0225 0. 0095 5. 0155
OUTPUTS
1. _soLID WASTES
Urine, C,HO,N, 0. 0160 0. 0040 0.0213 0. 0187 0. 0077 0.0678
Feces, C,Hg0,Ny 0.0177 0. 0024 0. 0073 0. 0024 0.0018 0.0318
Sweat C 11 Hz¢00N; 0. 0074 0.0014 0. 0099 0.0013 0. 0200
2. LIQUIDS (WATER
Urine 0.1693 1. 3440 1.5133
Feces 0.0102 0. 0806 0.908
Sweat & Perspiration 0.2574 2.0429 2.3003
3. GASES
Carbon di oxi de 0. 2706 0. 7209 0.9915
QUTPUT _SUNVS 0.3118 0. 4448 4. 2270 0. 0225 0. 0095 5. 0155
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Table 3 Hygiene Water use (kg/per

Water Use:

Oral hygi ene H,0

Hand/ face Wash H,0
Shower H,0

d ot hes wash H,0
D sh wash H,0

Fl ush H,0

Waste Loads:

Hygi ene H,0

Latent hygi ene H,0

d ot hes wash H,0

Latent clothes wash H,0
D sh wash H,0

Latent dish wash H,0

Fl ush H,0
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Table 4- A air Revitalization Subsystem Technol ogy Data Sources

SFE TECHNOLOGY REFERENCE VALI DI TY
LEVEL
|
C02 Removal 4 BMS MDSSC, 1989, 3
NASA-MSFC, 1987
2 BMS MDSSC, 1989 4
EDC MDSSC, 1989 4
NASA-MSFC, 1987
Lin, 1992
APC MDSSC, 1989 ?
NASA-MSFC, 1987
Lin, 1992
SAVWD MNSSC, 1989 B!
NASA-MSFC, 1987
Li OH Hami | t on 3
St andard, 1980 W
C02 Reduction Bosch MDSSC, 1989 3

NASA-MSFC, 1987

Sabatier MDSSC, 1989 3
NASA-MSFC, 1987

ACRS MDSSC, 1989 4
NASA-MSFC, 1987

CO2EL/BD MDSSC, 1989 7
NASA-MSFC, 1987

02 GCeneration SFWES MDSSC, 1989 3
NASA-MSFC, 1987

WVE MDSSC, 1989 7
NASA-MSFC, 1987

SPELF MDSSC, 1989 7
NASA-MSFC, 1987
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Table 4-B Water

Managenent

Subsyst em Technol ogy Data Sources

T T
TECHNOLOGY

SFE REFERENCE VALI DI TY
LEVEL
e __________________________|
Pot abl e H20 MF MDSSC, 1989, 3
Pr ocessi ng NASA-MSFC, 1987
. RO MDSSC, 1989 3
NASA-MSFC, 1987
ELDI MDSSC, 1989 7
NASA-MSFC. 1987
Hygi ene H?0 RO MDSSC, 1989 3
Processing NASA-MSFC,
1987,
. . MF MDSSC, 1989 3
NASA-MSFC.1987
Urine TI MES MDSSC, 1989 3
Processi ng NASA-MSFC, 1987
VC D MDSSC, 1989 3
NASA-MSFC.1987
. . VPCAR MDSSC, 1989 7
NASA-MSFC, 1987
. . Al RE MDSSC, 1989 7

NASA-MSFC, 1987

Table 4-C Solid Waste Treatnent

Subsystem Technol ogy Data Sources

SFE

Dryi ng

TECHNOLOGY

REFERENCE

Labconco, 1987

VALI DI TY
LEVEL

Fi sher, 1988

Oxi dati on

Labsk et
al., 1972
Slavin et
al ., 1986

Slavin et
al ., 1986
Jagow et

al ., 1970

SCWO

MDSSC, 1989
Slavin et
al., 1986
Hong et

al ., 1987
Freeman, 1989
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Validity Level Definitions

VALIDITY LEVEL DRESCRIPTION

1
2

Measur enent

Cal cul ated from a di nensi oned
drawi ng with known

materials of construction

Estimated from scaling procedure
using data from 1 and/or 2 above

Estimated from high validity
data for simlar equipnent

Estimated from detail ed paper
design for nonexistent hardware

Invalidated third party
esti mat es

“Engi neeri ng judgement"
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Table 6 Case Matrix of Technol ogy choices
CASE |....... AR ___SUBSYSTEM ________. U N R SUBSYSTEM __________. oo lsWr . SUBSYSTEM
NO. Cc02 co2 02 POTABLE HYGQ ENE URI NE DRY | NC OXI DATI ON
REMOVAL REDUCT 10N GENERATI ON H20 H20 PROCESSI NG
| PROCESSI NG PROCESSI NG
1 4BNVB BOSCH SFVE MF RO TIMES NONE NoNE
2 2BMS
3 EDC
4 APC
5 SAVD
6 LI OH NONS
7 4BNVS SABATIER
8 ACRS
9 CO2EL/BD
10 ! BOSCH W's
11 SPELF
12 S FWE RO
13 ELDI
14 MF MF
15 . RO VCD
16 VPCAR
17 Al RE
18 TIMES FD
19 ‘ TO
20 NONE COMB
21 WOX
22 SCWO
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Table 7 Li SSA-TT Paraneter Choices

Par anet er LiSSA-TT Variabl e Val ue
Nane

Totalcrew size TCS 4

Mission duration oD goand 600

Enmer gency backupsupply storage EBSS 5

!days)

Enmer gency backup supply storage EBSSA 0

for all  (hre)

Exhaust storage factor(¥) ESF 10

Gaseoustrash venting option GTVO 1

(vent=1 or store=0)

Liquid trash venting option LTVO 1
(vent=1 or store=0)}

Solids trash dumping option STDO 1
(dunp-1 or storesQ)

Table 8 Exhaust Storage Factor and Storage Tanks

'=l

ESF | # OF | DENTI CAL TOTAL STORAGE VOLUVE AS A PERCENTAGE |
% WASTE STORAGE TANKS | OF SUPPLY STORAGE VOLUME

AT START OF M SSI ON
- - - ____________________________________________________|

0 1 100
100 |1 200
50 |2 150
25 | 4 125 ||
10 10 110

5 20 105
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Table 9 Technology Choices to Mnimze System Power
AR  SUBSYSTEM WM SUBSYSTEM SWT
SUBSYSTEM
(o7 N1 = U LU e e
Q02 c02 REDUCTI ON c2 POTABLE HYGIENE H20 URI NE DRYI NG or
RFMOVAL GENERATION H20 PROCESSING PROCESSI NG OXI DATI ON
&
MFBL APC BOSCH SFWE MF RO
Case 4
MPL CO2EL/BD WVE MF MF . .
NP' A . ] MF . . .
(minimize
feed via
bypassing)
MP1B . . . . . .
*(minimize
feed via
bypassing)
MP2B . SAB (mininize . : ’ . ‘ !
feed via
bypassi ng)
MPWK3B NONE NONE . |
Table 10 Technol ogy Choices to Mnimze System Wi ght
AR SUBSYSTEM WM SUBSYSTEM SWT
CASE SUBSYSTEM
co2 CO2 REDUCTION 02 POTABLE HYG ENE H20 URI NE DRY ING or
REMOVAL GENERATION H 20 PROCESSING PROCESSING JXIDATION
MWBL 4 BUS Bosch WVE MF RO TI MES HONE
(Case (minimize
10) feed via
bypassing)
MW1A 2BMS CO2EL/BD * MF .
(minimize
feed via
by- passi ng
to hygiene
proc.)
MW1B * * *
. . * * (route RO o U .
brine to (process RO
MW1D ur ine bri ne)
processing)
MW2D . SAB .(minimize . . . . .
food wia
bypassing)
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LISSA CALCULATION SCHEME

LISSA SIMULATION TOOL

~
| |
FEASIBLE \
SYSTEM MATRIX ——
SYSTEM CONFIGURATION TECHNOLOGY MATRX |
| J J |

| \d Y

\

GMFS f MODELING OF MODULES |
MODULE }NTEGRATION ‘l
I

IN ASPEN PLUS
MPUT ER SKMUATION
YASPEN_ PLUS (et mockies 1 LBAARY)

_— e e e e e e e e e e e e

_iSSA TRADE TOOL [

~N |
MISSION SPECS, - TECHNOLOGY/IDATA '
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ASPEN MODELING OF SFE
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BASEUNE UFE SUPPORT SYSTEM CONFIGURATION (CASE 1)
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WET WEIGHT COMPARISONS

19 | TITT
| | |
| l - A "7
Ll | \ |
o | | |
17 ‘ TT L ' ; o ’k b
= | Lol t \ I
E L
R | L L
15 % 74 ;//
i |
EBNE | pEpe
7y | Emy,
Al e
.
12345678 91011121314151617181920° 21’ 22

CASE/TECHNOLOGY

LUNAR OUTPOST: Crew=4,Mission= go0 days
JPL: GBG: 12-14-92: LO-4-600-05-0-10111 -FYS2TECHTRADE; FILE: LISSATT6.WK3->L0600_6. 3

Figure 6-B Total

Syst em weight Conparisons (600 day m SSion)

41




KG

SYSTEM COMPARISONS

WET WEIGHT OF SUBSYSTEMS

REREEEREE R
4 SEEREEN BERR
o [ - o
| PR
/] )
3500’
/|
3000’
2500
2000-
1500”
1000 / STORAGE SS
) AIR REVITALIZ. SS
500" 4 ¥ OTHER SS
l.......‘.‘.‘..i..... ) WATER MGMT. SS
0 ‘ > weea S SWT SS

123456 910111213141516171819202122
CASE/TECHNOLOGY

LUNAR OUTPOST: Crew=4, Mission=90 days
JPL; GBG; 12-11 -92; LO-4-W-0-5-0-10111 -FY92 TECH TRADE . FILE: LISSA6.WK3->L09%0_6 WK3

Figure 7-A Subsystem Weight Conparisons (90 day m ssion)

42




KG

SYSTEM COMPARISONS

WET WEIGHT OF SUBSYSTEMS

18+

X

16+

v

144

X

12+

.

101

ANANANAN

STORAGE
AIR REVITALIZ. SS
OTHER SS
WATER MGMT. SS
SWT ss

o
!

(Thousands)
NANANANANANAN

ANANANANANANANANAN

/]
/
q
1
/|
d
/|

1°2'3'4'5 67 8 91011+1213141516171 819202122’
CASE/TECHNOLOGY

LUNAR OUTPOST: Crew=4,Mission=600 days
JPL; GBG; 12-1 4-92; LO-4-600-0-5-U10111 -FY92TECHTRADE; FILE; LISSATT6.WK3-> 0500_6.WK3

Figure 7-B Subsystem Weight Conparisons (600 day mi ssion)

43



POWER DEMAND OF TOTAL SYSTEMS
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CONFIGURATIONS FOR MINIMIZING POWER: SYSTEM EFFECTS
AVERAGE POWER DEMAND PENALTI ES w.RT BASELI NE
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CASE

LUNAR HABITAT Crew=4, Mission=600 days; MPBL (Cut4) Vabses: Wet Weight=4.617 kg, Avg. Power-4,617 watts
SYSTEMLO-4-600-0-5.0-10111-File: AICHEI9).w

Figure 9-A Effects of Process Configurations to Mnimze
Power: System Power Penalties
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CONFIGURATIONS FOR MINIMIZING POWER: SYSTEM EFFECTS
WET WEIGHT PENALTIES W.R.T. BASELINE

KG
Thousands

MPBL(CASE 4) MP1 MP1A MP1B
CASE
LUNAR HABITAT: Crew-4, Mission=600 deys; MPBL (Case 4) Values: Wet Weight=14,161kg, Avg. Powersd 617 watte
SYSTEM LO-4-600-0-50-10111-File:AICHE}93.w

Figure 9-B Effects of Process Configurations to Minimize Power:
System Wet Weight Penalties
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CONFIGURATIONS FOR MINIMIZING WET WEIGHT: SYSTEM EFFECTS
WET WEIGHT PENALTIES W.R.T BASELINE

KG
Thousands

MWBL(CASE 10) MWIA MWIB MWID MwW2D
CASE
LUNAR HABITAT Crews4, Missions=600 deys; MWBL (Cam 10) Vakses: Wet Weight=13.779 kg, Avg. Power=$S 083 wans
SYSTEM LO-4-600-0- S-0-10111- File:AICHE393.w

Figure 10A Effects of Procesr? Configurations to Mnimze
System Wet V\é?ght Penal ties
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Figure 10 B Effects of Process Configurations to Mnimze Wight:

System Power
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